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DESCRIPTION 

APPARATUS AND METHOD FOR TRANSMITTING OR RECEIVING DATA 

5 Technical Field 

The present invention relates to a transmitting 
apparatus, a receiving apparatus, a data transmitting 
method, and a data receiving method in a radio 
communication system . 

10 

Background Art 

In radio communication including mobile 
communication, data other than audio data such as 
information for specifying a communication position may 
15 be transmitted during communication. 

There is also a cellular phone system described in, 
for example, Japanese Patent Application Laid-Open No. 
Hei 10-215328 (pages 3 to 6 and Figure 2) that is 
adapted to transmit additional information for expansion 
20 of services such as guidance data concerning telephone 
numbers, location information of an originator, and a 
profile of the originator. This additional information 
is unitized and transmitted as additional data. 
Assuming that the audio data is main data, the 
25 additional data are associated data associated with the 
main data and transmitted separately at timing different 
from timing for transmitting the audio data. 

However, the additional data are data for 
expansion of services as described above and are not 
30 always necessary. When the timing different from the 
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timing for transmitting the audio data is separately 
provided to transmit such additional data, transmission 
efficiency is deteriorated. Thus, this is not 

preferable . 

5 As a communication apparatus, there is a 

communication apparatus that controls presence or 
absence of FEC (Forward Error Correction) according to 
communication procedure data by handshake, converts a 
rate including FEC of main data, and transmits data 

10 using a surplus of the rate. However, in such a 
communication apparatus, a communication procedure 
(protocol) is required and the procedure is complicated. 

The invention has been devised in view of such 
problems in the past and it is an object of the 

15 invention to provide a transmitting apparatus, a 
receiving apparatus, a data transmitting method, and a 
data receiving method that are capable of efficiently 
performing transmission and reception of associated data 
associated with main data. 

20 It is another object of the invention to provide a 

transmitting apparatus, a receiving apparatus, a data 
transmitting method, and a data receiving method that 
are capable of easily controlling presence or absence of 
error correction. 

25 

Disclosure of the Invention 

In order to attain the object of the invention, a 
transmitting apparatus according to a first aspect of 
the invention basically includes a bit adding part that 
30 adds predetermined bits to bits of main data according 



- 3 - 



to quality of an environment of a communication path to 
produce hybrid bit data; and a modulating part that 
performs modulation on the basis of the hybrid bit data 
produced to produce a modulated wave signal and 
5 transmits the modulated wave signal. The bit adding 
part operates to decide quality of an environment of a 
communication path, add, when it is decided that the 
environment of the communication path is defective, 
redundant bits to respective bits of main data to 

10 produce the hybrid bit data, and add, when it is decided 
that the environment of the communication path is non- 
defective, respective bits of associated data associated 
with the main data to the respective bits of the main 
data instead of the redundant bits to produce the hybrid 

15 bit data. 

More specifically, the bit adding part operates to 
arrange symbols of the hybrid bit data added with the 
redundant bits such that a Euclidian distance of the 
hybrid bit data is extended. 

20 Preferably, the bit adding part operates to add 

the redundant bits to the respective bits of the main 
data such that a gray code is produced. 

The transmitting apparatus of the invention 
further includes a received signal strength indicator 

25 measuring part that measures a received signal strength 
indicator of a data transmission destination. The bit 
adding part is adapted to operate to acquire the 
received signal strength indicator from the received 
signal strength indicator measuring part and decide 

30 quality of an environment of the communication path on 
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the basis of a level of the received signal strength 
indicator acquired. 

Preferably, the bit adding part operates to 
acquire at least one piece of information among the 
5 received signal strength indicator measured by a data 
transmission destination, a vector error of a 
demodulated wave, and a bit error and decide quality of 
an environment of the communication path on the basis of 
the information acquired. 

10 The modulating part may perform modulation in 

accordance with a multi-value FSK system. 

A receiving apparatus according to a second aspect 
of the invention is a receiving apparatus that functions 
to receive a signal produced on the basis of data 

15 obtained by adding predetermined bits to respective bit 
data of main data. The receiving apparatus includes a 
demodulating part that demodulates the signal received; 
a symbol deciding part that applies, at every Nyquist 
interval, symbol decision to the signal demodulated by 

20 the demodulating part to produce a symbol value; a bit 
converting part that converts the symbol value produced 
by the symbol deciding part into a bit value; and a data 
recoverying part that combines respective bits of the 
main data to recovery original main data from the bit 

25 value converted by the bit converting part, combines bit 
data added to the respective bit data of the main data 
to form combined data, decides validity of the combined 
data formed, recoverys data decided as valid as 
additional data, deletes the added bits when it is 

30 decided that the combined data is invalid, and combines 
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the bit data from which the added bits are deleted to 
recovery original data. 

Preferably, the data recoverying part operates to 
decide validity of the combined data formed by combining 
5 the added bit data in accordance with a cyclic 
redundancy check. 

A data transmitting method according to a third 
aspect of the invention basically includes a step of 
deciding quality of an environment of a communication 
10 path; a step of adding, when it is decided that the 
environment of the communication path is defective, 
redundant bits to respective bits of main data to 
produce hybrid bit data, and adding, when it is decided 
that the environment of the communication path is non- 
15 defective, respective bits of associated data associated 
with the main data to the respective bits of the main 
data instead of the redundant bits to produce the hybrid 
bit data; and a step of producing a modulated wave 
signal on the basis of the hybrid bit data produced to 
20 transmit the modulated wave signal. 

A data receiving method according to a fourth 
aspect of the invention is a receiving method of 
receiving a signal produced on the basis of hybrid bit 
data obtained by adding predetermined bits to respective 
25 bits of main data. The data receiving method includes a 
step of demodulating the signal received; a step of 
applying, at every Nyquist interval, symbol decision to 
the signal demodulated; a step of converting the symbol 
value obtained by performing the symbol decision into a 
30 , bit value; a step of combining respective bit data of 
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the main data to recovery original main data from data 
of the bit value converted in the bit converting step; 
and a step of combining bits added to the respective 
bits of the main data to form combined data from data of 
5 the bit value converted by the bit converting part to 
form combined data, deciding validity of the combined 
data formed, recoverying data decided as valid as 
additional data, deleting the added bits when it is 
decided that the combined data is invalid, and combining 

10 the bit data from which the added bits are deleted to 
recovery original data. 

In still another aspect, the invention can be 
grasped as a computer program that causes a computer to 
execute the series of signal processing steps of each of 

15 the data transmitting method and the data receiving 
method . 

In that case, the computer program for data 
transmission is a program for executing the following 
series of processing: 

20 processing for deciding quality of an environment 

of a communication path; 

processing for adding, when it is decided that the 
environment of the communication path is defective, 
redundant bits to respective bits of main data to 

25 produce hybrid bit data, and adding, when it is decided 
that the environment of the communication path is non- 
defective, respective bits of associated data associated 
with the main data to the respective bits of the main 
data instead of the redundant bits to produce the hybrid 

30 bit data; and 
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processing for producing a modulated wave signal 
on the basis of the data produced to transmit the 
modulated wave signal. 

The computer program for data reception is a 
5 computer program for executing the following series of 
processing: 

processing for demodulating a signal received; 
processing for applying, at every Nyquist interval, 
symbol decision to the signal demodulated to produce a 
10 symbol value; 

processing for converting the symbol value 
produced by the symbol decision into a bit value; 

processing for combining respective bit data of 
the main data to recovery original main data from data 
15 of the bit value converted; and 

processing for combining bits added to the 
respective bits of the main data to form combined data 
from data of the bit value converted, deciding validity 
of the combined data formed, recoverying data decided as 
20 valid as additional data, deleting the added bits when 
it is decided that the combined data is invalid, and 
combining the bit data from which the added bits are 
deleted to recovery original data. 

According to the invention, operational effects 
25 are obtained in that it is possible to efficiently 
perform transmission and reception of associated data 
associated with main data and it is possible to easily 
control presence or absence of error correction. 

30 Brief Description of the Drawings 
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Figure 1 is a block diagram showing a constitution 
of a transmitting apparatus and receiving apparatus 
according to an embodiment of the invention; 

Figure 2 is an explanatory diagram showing a 
5 constitution of a data frame of an audio vocoder; 

Figure 3 is an explanatory diagram showing a 
constitution of additional data; 

Figure 4 is an explanatory diagram showing 
threshold values for a bit adding part in Figure 1 to 
10 decide a level of an RSSI; 

Figure 5 is an explanatory diagram showing an eye 
pattern and details of symbol decision in the case in 
which a quaternary Nyquist FSK is used; 

Figure 6 is an explanatory diagram showing 
15 operations of the transmitting apparatus shown in Figure 
1; 

Figure 7 is a flowchart showing details of bit 
addition processing executed by the bit adding part 
shown in Figure 1; 
20 Figure 8 is an explanatory diagram showing 

operations of the receiving apparatus shown in Figure 1; 

Figure 9 is a flowchart showing details of 
decision processing for additional data executed by a 
frame recovery part shown in Figure 1; 
25 Figure 10 is an explanatory diagram showing 

specific details of decision processing for additional 
data executed by the frame recovery part; and 

Figure 11 is a block diagram showing an example of 
an application for deciding quality of an environment of 
30 a communication path. 
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Best Mode for carrying out the Invention 

A transmitting apparatus and receiving apparatus 
according to an embodiment of the invention will be 
5 hereinafter specifically explained with reference to the 
drawings . 

A constitution of the transmitting apparatus and 
receiving apparatus according to this embodiment is 
shown in Figure 1. 
10 The transmitting apparatus and receiving apparatus 

according to this embodiment includes a transmitting 
apparatus 11 and a receiving apparatus 21. 

The transmitting apparatus 11 transmits a signal 
modulated in accordance with data supplied and includes 
15 a dividing part 12, an RSSI measuring part 13, a bit 
adding part 14, an interleaver 15, a base band signal 
producing part 16, an FM modulating part 17, and a 
transmission antenna 18. 

In this embodiment, a case in which an audio 
20 vocoder is transmitted in accordance with a quaternary 
root Nyquist FSK system will be explained as an example. 

The audio vocoder is a system for representing an 
audio signal in a digital form and is a system for 
analyzing and extracting a set of parameters of sounds 
25 and resynthesizing the sounds from the parameters. As 
shown in Figure 2 , data of the audio vocoder is formed 
as a frame and processed with information of the data 
sectioned in temporal parts. 

The data of the audio vocoder is formed as a frame 
30 with 20 msec as a part. A data frame of the audio 
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vocoder includes audio data and error correction data. 
The number of bits of one frame is set to 72 bits (3600 
bps). The audio data is data indicating audio 
information. The error correction data is data for 
5 error correction and error detection for the audio data. 

The error correction data includes 5 -bit CRC 
(Cyclic Redundancy Check) data, 5 -bit CRC protection 
data, and 18 -bit sound protection data. 

The number of bits of the audio data is set to 44 
10 bits in one frame. The number of bits of the error 
correction bit is set to 28 bits. 

Respective bit data of the audio data are 
rearranged in order from one with highest importance for 
the human sense of hearing. Among the bit data, audio 
15 data to be protected is formed as 18 -bit audio data and 
audio data not to be protected is formed as 26 -bit audio 
data. 

The audio data to be protected is data with high 
importance that should be protected even under an 

20 environment in which a lot of errors tend to occur and a 
communication state is not satisfactory. For example, 
in communication such as a voice call, a sound includes 
a large number of elements that can be captured by the 
human perception. It is important to make it possible 

25 to recognize what kinds of words are uttered even if 
noise is superimposed on the sound. 

It is important to find how to protect such bit 
data with high importance. In this embodiment, such bit 
data with high importance is protected with a simple 

30 constitution. 
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Referring back to Figure 1, the dividing part 12 
is supplied with the data of the audio vocoder shown in 
Figure 2 and divides the data supplied bit by bit. The 
bits considered to have high importance as described 
5 above are calculated in advance according to 
verification, simulation, or the like of an algorism of 
the vocoder as described above. Bits of the data of the 
audio vocoder are arranged in order from one with 
highest importance . 

10 The RSSI measuring part 13 measures a Received 

Signal Strength Indicator (hereinafter, "RSSI") for 
deciding quality of an environment of a communication 
path. It is assumed that the transmitting apparatus 11 
and the receiving apparatus 21 in this embodiment 

15 perform data transmission and reception in full duplex 
(the full duplex communication system). In the case of 
full duplex, the transmitting apparatus 11 can predict a 
reception environment of the receiving apparatus 21 
according to an RSSI of a radio wave received. 

20 The bit adding part 14 adds "1" or bits of 

additional data to bits with high importance among 
respective bit data divided by the dividing part 12 to 
produce 2 -bit data (e.g., a gray code). 

The bit adding part 14 acquires an RSSI from the 

25 RSSI measuring part 13, decides a level of the received 
signal strength indicator, and decides quality of an 
environment of a communication path by comparing the 
RSSI acquired with threshold values set in advance. The 
bit adding part 14 sets bits to be added in accordance 

30 with the level of the received signal strength indicator. 
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When the bit adding part 14 decides that the 
received signal strength indicator is low, the bit 
adding part 14 adds redundant bit data to respective bit 
data of audio data to be protected to produce encoded 
5 hybrid bit data. When the bit adding part 14 decides 
that the received signal strength indicator is high, the 
bit adding part 14 adds respective bit data of 
additional data to the respective bit data of the audio 
data to be protected instead of the redundant bit data 

10 to produce hybrid bit data. 

The additional data are data obtained by unitizing 
additional information for expansion of services such as 
guidance data concerning telephone numbers, location 
information of an originator, and a profile of the 

15 originator and is data associated with the audio data to 
be protected. 

As described above, in the case of the data of the 
audio vocoder, the audio data to be protected is 18-bit 
data. If 5 bits of the CRC data is included, the audio 

20 data is 23-bit data. Therefore, the bit adding part 14 
produces 23 -bit additional data in order to associate 
the additional data with the 2 3 -bit data. 

As shown in Figure 3 , when it is assumed that 
additional information is 168 -bit data and CRC is 16 -bit 

25 data, the total number of bits of the additional 
information including 16 bits of the CRC is 184 bits. 
Therefore, when the dividing part 12 divides the 
additional information including the CRC to produce 23- 
bit additional data, a total number of additional data 

30 is eight. 
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In the case of the data of the audio vocoder, when 
it is assumed that CRC data is 16 -bit data and one frame 
is 20 msec, it is possible to perform data transmission 
at 1150 bps, 

5 As shown in Figure 4, the bit adding part 14 sets 

two threshold values A and B for comparing with an RSSI 
measured. The threshold value A is a threshold value 
for determining a level of an RSSI. If the RSSI 
measured is lower than the threshold value A, the bit 

10 adding part 14 decides that the RSSI is low and sets "1" 
in data added to bits with high importance divided by 
the dividing part 12. If the RSSI is equal to or higher 
than the threshold value A, the bit adding part 14 
decides that the RSSI is high and sets respective bits 

15 of additional data in the respective bits with high 
importance divided by the dividing part 12 . 

The threshold value B is a threshold value for 
causing the bit adding part 14 to operate stably. Even 
if an RSSI measured falls to be lower than the threshold 

20 value A and, then, exceeds the threshold value A from a 
low level, as long as the RSSI is lower than the 
threshold value B, the bit adding part 14 continues an 
operation that the bit adding part 14 is presently 
executing. The bit adding part 14 includes a storing 

25 part (not shown) for storing these two threshold values 
A and B. 

The interleaver 15 performs, with the 2-bit data 
produced by the bit adding part 14 as a part, 
interleaving between bits of audio data to be protected 
30 and bits of audio data not to be protected. The 
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inter leaver 15 produces a data sequence for reducing 
block errors due to phasing or the like by distributing 
an arrangement of important bits and CRC on a frame. 

The base band signal producing part 16 produces a 
5 base band signal on the basis of the data sequence with 
data interleaved by the interleaver 15. 

The FM modulating part 17 modulates a carrier wave 
using the base band signal produced by the base band 
signal producing part 16 in accordance with the 

10 quaternary root Nyquist FSK system. The FM modulating 
part 17 includes a root cosine filter. The FM 
modulating part 17 produces a signal forming an eye 
pattern shown in Figure 5 from the base band signal 
produced by the base band signal producing part 16 . The 

15 transmission antenna 18 transmits the signal subjected 
to FM modulation by the FM modulating part 17 as a radio 
wave . 

The receiving apparatus 21 includes a reception 
antenna 22, an FM demodulating part 23, a symbol 
20 deciding part 24, a bit converting part 25, a 
deinterleaver 26, and a frame recovery part 27. 

The reception antenna 22 receives a radio wave 
transmitted from the transmitting apparatus 11 and 
converts the radio wave into a signal based on the FSK 
25 system. 

The FM demodulating part 23 performs FM 
demodulation and produces a detection signal by 
converting the signal of the FSK system converted by the 
reception antenna 22 into a voltage signal with a 
30 voltage based on the frequency. 



- 15 - 



The symbol deciding part 24 performs symbol 
decision at a Nyquist point of the detection signal 
produced by the FM demodulating part 23. An eye pattern 
shown in Figure 5 is drawn according to the detection 
5 signal produced by the FM demodulating part 23. 
According to the quaternary FSK system, three openings 
are observed in this eye pattern at the maximum. 

With a point of the openings as a Nyquist point , 
three threshold values th+, thO, and th- for performing 

10 symbol decision are set in advance. The symbol deciding 
part 24 performs symbol decision by comparing the three 
threshold values th+, thO, and th- at the Nyquist point 
with a voltage of the detection signal. 

The symbol deciding part 24 decides that a symbol 

15 value is +3 when a voltage of the detection signal at 
the Nyquist point exceeds the threshold value th+. The 
symbol deciding part 24 decides that a symbol value is 
+1 when a voltage of the detection signal at the Nyquist 
point is equal to or higher than the threshold value thO 

20 and equal to or lower than the threshold value th+. The 
symbol deciding part 24 decides that a symbol value is - 
1 when a voltage of the detection signal at the Nyquist 
point is lower than the threshold value thO and equal to 
or higher than the threshold value th- . The symbol 

25 deciding part 24 decides that a symbol value is -3 when 
a voltage of the detection signal at the Nyquist point 
is lower than the threshold value th- . 

The bit converting part 25 converts the symbol 
value decided by the symbol deciding part 24 into bits 

30 of a bit value based on the symbol value. As shown in 
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Figure 5, when the symbol value decided by the symbol 
deciding part 24 is +3, the bit converting part 25 
converts the symbol value +3 into a bit value "0, 1". 
When the symbol value is +1, the bit converting part 25 
5 converts the symbol value +1 into a bit value "0, 0". 
When the symbol value is -1, the bit converting part 25 
converts the symbol value -1 into a bit value "1, 0" . 
When the symbol value is -3, the bit converting part 25 
converts the symbol value -3 into a bit value "1, 1" . 

10 An array of the bits subjected to bit conversion by the 
bit converting part 25 is a gray code. 

The deinterleaver 26 deinterleaves the data 
subjected to bit conversion by the bit converting part 
25 in two bit parts. 

15 The frame recovery part 27 produces an original 

data frame from the data deinterleaved by the 
deinterleaver 26. 

The frame recovery part 27 combines bit data added 
to respective higher order bits with high importance 

20 among the data deinterleaved by the deinterleaver 26 to 
recovery 23 -bit audio data to be protected. 

The frame recovery part 27 combines, assuming that 
respective bit data of audio data to be protected are as 
higher order bit data, lower order bit data added to the 

25 higher order bit data to produce a 23-bit data part. 
The frame recovery part 27 includes buffers. The frame 
recovery part 27 stores eight 23-bit data parts in the 
buffers such that the number of the data parts 
corresponds to the total number of additional data. 

30 The frame recovery part 27 decides, on the basis 
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of presence or absence of an error of CRC, whether the 
eight data parts stored in the buffers axe valid or 
invalid. When it is decided that the data parts stored 
are valid, the frame recovery part 27 combines, assuming 
5 that data of the respective data parts are additional 
data, eight additional data to recovery the additional 
information shown in Figure 3. 

The frame recovery part 27 does not treat the 
additional data as valid data when the CRC indicates an 
10 error because of a communication error. However, it is 
possible to efficiently collect valid data by increasing 
the number of bufferings and performing maximum 
likelihood decision. 

On the other hand, when it is decided that the 
15 data parts stored are invalid, the frame recovery part 
27 deletes, assuming that the bits added as redundant 
bits, the redundant bits. 

Operations of the transmitting apparatus and 
receiving apparatus according to this embodiment will be 
20 explained. 

The dividing part 12 of the transmitting apparatus 

11 divides, bit by bit, audio data to be protected 
including 5 bits of CRC among data of an audio vocoder 
supplied shown in Figure 6(a) to produce bit data each 

25 having one bit shown in Figure 6(b). The dividing part 

12 divides audio data not to be protected into bit data 
each having two bits. 

The RSSI measuring part 13 measures an RSSI 
between the transmitting apparatus 11 and the receiving 
30 apparatus 21. 
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The bit adding part 14 divides additional 
information supplied into eight to provide eight 23 -bit 
additional data. The bit adding part 14 executes bit 
addition processing in accordance with a flowchart shown 
5 in Figure 7 . 

The bit adding part 14 sets 0 in a block number n 
of additional data to initialize the block number n 
(step Sll) . 

The bit adding part 14 acquires an RSSI measured 
10 by the RSSI measuring part 13 (step S12) . 

The bit adding part 14 decides whether the RSSI 
acquired is equal to or higher than the threshold value 
A (step S13) . 

When it is decided that the received signal 
15 strength indicator is lower than the threshold value A 
(No in step S13) , the bit adding part 14 sets a bit 
value to be added to respective divided bit data 
obtained of audio data to be protected to "1". The bit 
adding part 14 adds the bits with the bit value "1" set 
20 to the divided respective bit data of the audio data to 
be protected including 5 bits of CRC to produce 2 -bit 
data (step S14) . 

The bit adding part 14 decides whether the 
addition of the data of "1" to the data for one frame 
25 has ended (step S15). 

When it is decided that the addition of the data 
of "1" has ended (Yes in step S15), the bit adding part 
14 ends this bit addition processing. 

When it is decided that the addition of the data 
30 of "1" has not ended (No in step S15), the bit adding 
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part 14 acquires the RSSI measured by the RSSI measuring 
part 13 (step S16). 

The bit adding part 14 decides whether the RSSI 
acquired is equal to or higher than the threshold value 
5 B (step S17) . 

When it is decided that the RSSI acquired is 
smaller than the threshold value B (No in step S17), 
even if the RSSI is equal to or larger than the 
threshold value A, the bit adding part 14 adds the bit 
10 with the bit value "1" set to the divided respective bit 
data of the audio data to be protected (step S14). 

When it is decided that the RSSI acquired is equal 
to or larger than the threshold B (Yes in step S17), the 
bit adding part 14 sets 0 in the value n and acquires 
15 the RSSI measured by the RSSI measuring part 13 (steps 
Sll and S12) . 

When it is decided that the RSSI of the radio wave 
received is equal to or larger than the threshold value 
A (Yes in step S13), the bit adding part 14 adds 
20 respective bit data of nth additional data including 5 
bits of CRC to the respective bit data of one frame 
obtained by dividing the audio data to be protected 
(step S18) . 

The bit adding part 14 increments n (step S19). 
25 The bit adding part 14 decides whether n has 

reached 8 (step S20). 

When it is decided that n has not reached 8 (No in 
step S20), the bit adding part 14 acquires an RSSI again 
and sequentially adds additional data to the respective 
30 bit data obtained by dividing the audio data to be 
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protected as long as the RSSI acquired is not less than 
the threshold value A (steps S12 to S19). 

When it is decided that n has reached 8 (Yes in 
step S20), the bit adding part 14 ends this processing* 
5 In this way, the bit adding part 14 adds "1" or 

bits of additional data to bits with high importance 
among the respective bit data divided by the dividing 
part 12 to produce 2 -bit data shown in Figure 6(c). 

The interleaver 15 performs, with the two bits of 

10 the data produced by the bit adding part 14 as a part, 
interleaving between a pair formed by the bit added with 
the bit data and the bit of the audio data to be 
protected and the two bits of the audio data not to be 
protected to produce a data sequence shown in Figure 

15 6(d). 

The base band signal producing part 16 produces a 
base band signal on the basis of the data sequence 
subjected to the interleaving of bits by the interleaver 
15. 

20 The FM modulating part 17 modulates a carrier wave 

using the base band signal produced by the base band 
signal producing part 16 in accordance with the 
quaternary root Nyquist FSK system. The transmission 
antenna 18 transmits a signal subjected to FM modulation 

25 by the FM modulating part 17 as a radio wave. 

The reception antenna 22 of the receiving 
apparatus 21 receives the radio wave transmitted from 
the transmitting apparatus 11 and converts the radio 
wave into a signal based on the FSK system. The FM 

30 demodulating part 23 converts the FSK signal converted 
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by the reception antenna 22 into a voltage signal with a 
voltage based on a frequency of the FSK signal to 
produce a detection signal. 

The symbol deciding part 24 compares a voltage at 
5 a Nyquist point of the detection signal produced by the 
FM demodulating part 23 with the three threshold values 
th+, thO, and th- set in advance to perform symbol 
decision. 

The bit converting part 25 converts a symbol 

10 decided by the symbol deciding part 24 into a bit with a 
bit value based on a value of the symbol. 

As shown in Figure 8(e), if a symbol value 
obtained as a result of the decision by the symbol 
deciding part 24 is -3, as shown in Figure 8(f), the bit 

15 converting part 25 converts the symbol value into a bit 
value "1, 1". Similarly, the bit converting part 25 
performs bit conversion in accordance with a symbol 
decision value. A bit array of data subjected to bit 
conversion is an array of a gray code. 

20 As shown in Figure 8(g), the deinterleaver 26 

deinterleaves bits of the data subjected to bit 
conversion by the bit converting part 25 to be a data 
array of the pair of the bit added with the redundant 
bit data and the bit of the audio data to be protected 

25 and two bits of the audio data not to be protected. 

As shown in Figure 8(h), the frame recovery part 
27 separates the data with two bits each deinterleaved 
by the deinterleaver 26 bit by bit. The frame recovery 
part 27 combines bit data of the audio data to be 

30 protected among the bit data separated as higher order 
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bits and recovery s the 5 -bit CRC and the 18 -bit 
protected audio data. 

The frame recovery part 27 combines lower order 
bits added to the higher order bits among the bit data 
5 separated to produce 23 -bit data part shown in Figure 
8(i). The frame recovery part 27 stores this data part 
in the buffers in an order of supply. When the data 
part is stored in the eight buffers, the frame recovery- 
part 27 performs decision processing for additional data 

10 in accordance with a flowchart shown in Figure 9. 

The frame recovery part 27 calculates CRC of the 
eight data part stored (step S31). 

The frame recovery part 27 decides whether the 
eight data parts are valid or invalid on the basis of 

15 the CRC calculated (step S32). 

When no error occurs in the CRC calculated, the 
frame recovery part 27 decides that the eight data parts 
are valid (Yes in step S32). In this case, the frame 
recovery part 27 decides that the eight data parts are 

20 additional data obtained by dividing the additional 
information shown in Figure 3 into eight, respectively. 
The frame recovery part 27 combines the eight additional 
data to recovery the additional information (step S33). 

When an error occurs in the CRC calculated, the 

25 frame recovery part 27 decides that the eight data parts 
are invalid (No in step S32). In this case, the frame 
recovery part 27 deletes data of the respective data 
part (step S34). The frame recovery part 27 executes 
such decision processing and ends this processing. 

30 Details of the decision processing for data by 
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this frame recovery part 27 will be specifically 
explained on the basis of Figure 10. It is assumed that 
respective blocks of Figures 10(a) to 10(d) indicates 
23 -bit additional data, numerical values in the 
5 respective blocks are part numbers of the additional 
data, and the data parts of the part numbers 0 to 7 form 
one piece of additional information. 

When the plural additional data shown in Figure 
10(a) are supplied to the frame recovery part 27, as 

10 shown in Figure 10(b), the frame recovery part 27 stores 
the data parts of the part numbers 6, 7, and 0 to 5 in 
the buffers at timing 1. 

The frame recovery part 27 calculates CRC of the 
data parts of the part numbers 6, 7, and 0 to 5 stored 

15 in the buffers. In this case, the CRC indicates an 
error. When the CRC indicates an error, the frame 
recovery part 27 decides that the data parts of the part 
numbers 6, 7, and 0 to 5 are invalid (No in step S32) 
and deletes data of these data parts (processing in step 

20 S34). 

As shown in Figure 10(c), the frame recovery part 
27 stores the data parts of the part numbers 7 and 0 to 
6 in the buffers at timing 2. Since CRC of the data 
part of the part numbers 7 and 0 to 6 stored indicates 

25 an error, as in the case shown in Figure 10(b), the 
frame recovery part 27 decides that the data parts of 
the part numbers 7 and 0 to 6 are invalid and deletes 
data of these data parts (processing in step S34). 

As shown in Figure 10(d), the frame recovery part 

30 27 stores the data parts of the part numbers 0 to 7 in 



- 24 - 



the buffers at timing 3. If an error has not occurred 
in the respective bit data, an error does not occur in 
CRC of the data parts of the part numbers 0 to 7 stored. 
Therefore, the frame recovery part 27 decides that the 
5 data parts of the part numbers 0 to 7 are valid (Yes in 
step S32). When the frame recovery part 27 decides that 
the data parts of the part numbers 0 to 7 are valid, the 
frame recovery part 27 combines the eight additional 
data to recovery the 168 -bit additional information 

10 shown in Figure 3 (processing in step S33). 

When attention is paid only to the bit data to be 
protected, as a result, the transmitting apparatus 11 
performs binary modulation rather than quaternary 
modulation. If lower order bits are redundant bits, the 

15 receiving apparatus 21 only deletes the lower order bits. 
As a result, processing performed by the receiving 
apparatus 21 is equivalent to binary demodulation. 

Therefore, although intervals among the respective 
symbols at the time of four values are "2", according to 

20 such constitution in this embodiment, the symbol 
intervals are changed to "6" that is three times as 
large as the symbol intervals "2". Logically, a BER is 
improved by about 4.8 dB. 

As described above, the transmitting apparatus 11 

25 adds redundant bits in the quaternary FSK system and the 
receiving apparatus 21 deletes the redundant bits added 
by the transmitting apparatus 11. As a result, although 
the processing is equivalent to the binary FSK system in 
terms of characteristics, the modulation system is still 

30 the quaternary FSK system. 
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As explained above, according to this embodiment, 
the transmitting apparatus 11 decides a reception 
environment and determines whether an error correction 

data should be transmitted or additional data should be 

♦ 

5 transmitted. The receiving apparatus 21 decides whether 
the additional data are valid or invalid. When it is 
decided that the additional data are valid, the 
receiving apparatus 21 combines the additional data to 
recovery additional information. 

10 Therefore, since the transmitting apparatus 11 

only adds bit data of the additional data instead of 
redundant bit data, the transmitting apparatus 11 can 
transmit the additional data with a simple method. The 
receiving apparatus 21 is not required to switch a 

15 communication procedure at all according to whether the 
transmitting apparatus 11 transmits the additional data 
or transmits the error correction data. The receiving 
apparatus 21 can easily control presence or absence of 
error correction. For example, even when data for error 

20 correction is transmitted, since a gain is already 
secured and the additional data is simply invalidated, 
it is possible to adopt an identical communication 
procedure . 

Consequently, even if the receiving apparatus 21 
25 is not applicable to additional data, the receiving 
apparatus 21 can recovery the additional data. Thus, 
compatibility is maintained regardless of whether this 
embodiment is applied or not applied. 

It is possible to transmit and receive additional 
30 data without depending on handshake and without using a 
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special protocol. The receiving apparatus 21 can 
execute an error correction procedure with a simple 
constitution regardless of presence or absence of 
additional data. 
5 When the transmitting apparatus 11 decides that a 

reception environment is bad, the transmitting apparatus 
11 adds redundant bits to respective data bits of an 
audio vocoder. The receiving apparatus 21 performs FM 
demodulation and, then, performs symbol decision to 
10 delete the redundant bits added by the transmitting 
apparatus 11. 

Therefore, even under an environment in which a 
communication state is not satisfactory, it is possible 
to more surely perform error correction. In particular, 

15 the transmitting apparatus and receiving apparatus in 
this embodiment is suitable for phone calls and 
transmission of sounds and images in streaming. 

When the transmitting apparatus 11 decides that 
the communication environment is bad, the transmitting 

20 apparatus 11 adds redundant bits to data. The receiving 
apparatus 21 deletes the redundant bits of the data 
demodulated. Therefore, it is possible to perform error 
correction by performing such simple processing. 
Consequently, compared with a transmitting apparatus and 

25 receiving apparatus of the FEC system that performs a 
lot of arithmetic operations and a transmitting 
apparatus and receiving apparatus that uses a Viterbi 
decoder or the like that requires a large memory 
capacity, since the arithmetic operations for error 

30 correction and a memory capacity are not required, it is 



- 27 - 



possible to simplify a constitution of the transmitting 
apparatus and receiving apparatus in this embodiment. 
Since it is unnecessary to actuate a processor at high 
speed, it is possible to realize low power consumption. 
5 In embodying the invention, various forms are 

conceivable. The invention is not limited to the 
embodiment described above. 

For example, in the embodiment, the case in which 
voice call is performed using the quaternary root 

10 Nyquist FSK is explained. However, data to be processed 
is not limited to audio data and may be data of images. 
The FSK is not limited to four values and may be multi 
values equal to or larger than four values. A 
modulation system is not limited to the FSK and other 

15 modulation systems such as PSK may be used. 

In this embodiment, the RSSI measuring part is 
provided in order to decide quality of an environment of 
a communication path. However, a constitution for 
deciding quality of an environment of a communication 

20 path is not limited to such a constitution. 

For example, as shown in Figure 11, it is also 
possible that the receiving apparatus 21 includes an 
RSSI measuring part 28 and the RSSI measuring part 28 
measures an RSSI and transmits the RSSI measured to the 

25 transmitting apparatus 11. 

It is also possible that the receiving apparatus 
21 transmits not only the RSSI but also information such 
as an EVM (Error Vector Magnitude) and a BER (Bit Error 
Rate) to the transmitting apparatus 11 and the 

30 transmitting apparatus 11 decides quality of an 
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environment of a communication path on the basis of 
these pieces of information . 

In performing data transmission and reception in 
full duplex, it is more practical that the receiving 
5 apparatus 21 transmits information for deciding quality 
of an environment of a communication path to the 
transmitting apparatus 11. 

In this embodiment , the examples for which bit 
importance is defined such as phone calls and streaming 

10 are explained. However, this embodiment is also 
sufficiently applicable to protocol and mail 
communication when it is desired to easily increase a 
gain. It is also possible to apply this embodiment not 
only to additional data transmission during voice calls 

15 but also to additional data transmission other than that 
in telephone calls. 

In this embodiment, the case in which 21 -byte 
(168-bit) additional data are transmitted as one part is 
explained as an example . However , there are various 

20 data lengths of additional data and additional data do 
not have to be the 21 -byte additional data. When 
additional data with 21 bytes or more are transmitted, a 
data structure only has to be contrived to make it 
possible to assemble plural parts on the receiving 

25 apparatus 21 side. 

In this embodiment, the audio vocoder is explained 
as an example. However, it is possible to apply this 
embodiment not only to the audio vocoder but also to 
data communication. In this case, data for which 

30 protection is desired to be partially reinforced and 
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other data only have to be applied to the data to be 
protected and the data not to be protected in this 
embodiment . 

In data used for data communication and the like, 
5 the number of bits may change every time communication 
content changes. For example, as in the case in which 
"FF" and "FE" are flags indicating transmission and 
reception, respectively, even a least significant bit 
has the same importance as higher order bits. Even in 

10 such a case, for example, when it is possible to add a 
3-bit control flag to the end of data and make only the 
three bits resistant to an error to define importance, 
this embodiment is extremely effective. 

In this embodiment, a direct communication system 

15 between the transmitting apparatus 11 and the receiving 
apparatus 21 in which a base station is not interposed 
is explained. However, this embodiment is also 

applicable to a system in which a base station is 
interposed such as a cellular phone simply by replacing 

20 a transmission and reception object of direct 
communication with the base station. This embodiment is 
applicable not only to a full duplex operation but also 
to a simplex operation. 

In this embodiment, the bit adding part 14 adds 

25 the redundant bit data to respective bits of supplied 
data such that a gray code is produced. However, the 
invention is not limited to the embodiment as long as 
the bit adding part 14 arranges symbols added with the 
redundant bit data such that a Euclidian distance of 

30 hybrid bit data obtained by adding the redundant bit 
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data is extended. 

This embodiment can be executed by software. In 
this case, the transmitting apparatus 11 and the 
receiving apparatus 12 include processors for executing 
5 the software. Even when this embodiment is executed by 
the software, since it is unnecessary to perform 
arithmetic operations in the FEC, a program is 
simplified. Thus, it is possible to reduce a memory 
capacity required for the program. 

10 It is also possible that a program for causing a 

computer to operate as an entire reproducing apparatus 
or a part of the reproducing apparatus or execute the 
processing described above is stored in a computer 
readable recording medium such as a flexible disk, a CD- 

15 ROM (Compact Disk Read-Only Memory), or a DVD (Digital 
Versatile Disk) and distributed and the program is 
installed in the computer to cause the computer to 
operate as the means described above or execute the 
process described above. Alternatively, it is also 

20 possible that the program is stored in a disk device or 
the like included in a server apparatus on the Internet 
and superimposed on, for example, a carrier wave to be 
downloaded to the computer. 

25 Industrial Applicability 

The transmitting apparatus and receiving apparatus 
and the transmitting and receiving method for data 
according to the invention can be suitably used in a 
radio communication system, for example, a mobile 

30 communication terminal or a base station. 



